ABSTRACT Influenza A viruses (IAVs) in swine can cause sporadic infections and pandemic outbreaks among humans, but how avian IAV emerges in swine is still unclear. Unlike domestic swine, feral swine are free ranging and have many opportunities for IAV exposure through contacts with various habitats and animals, including migratory waterfowl, a natural reservoir for IAVs. During the period from 2010 to 2013, 8,239 serum samples were collected from feral swine across 35 U.S. states and tested against 45 contemporary antigenic variants of avian, swine, and human IAVs; of these, 406 (4.9%) samples were IAV antibody positive. Among 294 serum samples selected for antigenic characterization, 271 cross-reacted with Ն1 tested virus, whereas the other 23 did not cross-react with any tested virus. Of the 271 IAV-positive samples, 236 cross-reacted with swine IAVs, 1 with avian IAVs, and 16 with avian and swine IAVs, indicating that feral swine had been exposed to both swine and avian IAVs but predominantly to swine IAVs. Our findings suggest that feral swine could potentially be infected with both avian and swine IAVs, generating novel IAVs by hosting and reassorting IAVs from wild birds and domestic swine and facilitating adaptation of avian IAVs to other hosts, including humans, before their spillover. Continued surveillance to monitor the distribution and antigenic diversities of IAVs in feral swine is necessary to increase our understanding of the natural history of IAVs.
KEYWORDS feral swine, influenza A virus, influenza surveillance, mixing vessel, seroprevalence, swine influenza virus, United States, avian viruses, domestic swine, wild birds I nfluenza A virus (IAV), a negative-stranded RNA virus with 8 genomic segments, can infect a wide range of hosts, including humans, wild birds and domestic poultry, swine, canines, felines, equines, mink, ferrets, sea mammals, and bats. IAVs have been recovered from at least 105 wild bird species of 26 different families (1) . Migratory waterfowl, such as species of Anseriformes (e.g., ducks, geese, and swans) and Charadriiformes (e.g., gulls, terns, and waders), are considered the major natural reservoirs of IAVs (2) . Sixteen IAV hemagglutinin (HA) (H1 to H16) and nine neuraminidase (NA) (N1 to N9) subtypes have been recovered from migratory waterfowl. The prevalence of IAV infection is up to 30% among wild birds (2) , and virus transmission typically occurs via exposure to virus shed in the feces of infected animals (3, 4) . It has been conceptually proposed that antigenic evolution in migratory waterfowl could be static (5) ; this theory is supported by recent studies indicating a lack of antigenic diversity among H3 and H7 IAVs in migratory waterfowl in North America (6, 7) .
IAVs in domestic swine are genetically and antigenically diverse. In the past decade, the predominantly circulating domestic swine strains in the United States were IAV subtypes H1N1, H1N2, and H3N2 (8, 9) . Subtypes such as H4N6, H2N3, and H3N1 were also identified in North American domestic swine (10) (11) (12) , but these viruses did not become enzootic. The H1 subtypes circulating in domestic swine form four genetic clades: swH1␣ (classic H1N1), swH1␤ (reassortant H1N1-like), swH1␥ (H1N2-like), and swH1␦ (human-like H1). Clade swH1␥ is further divided into subclades swH1␥1 and swH1␥2, and clade swH1␦ is subdivided into swH1␦1 (human-like H1N2) and swH1␦2 (human-like H1N1) (13) . In addition, the 2009 H1N1 pandemic virus, A(H1N1)pdm09, emerged from a classic H1N1 virus and evolved into a distinct genetic and antigenic lineage (13) . There are 4 genetic clusters (I to IV) of the H3N2 subtype of IAVs present in the U.S. swine population (14) (15) (16) . Cluster IV, currently the predominant IAV cluster circulating among domestic swine, can be further divided into at least 2 antigenic clusters, H3N2-␣ and H3N2-␤ (17) . Antigenic characterization suggests that these genetically diverse H1 and H3 viruses are antigenically distinct, showing different extents of cross-reactivity in serological assays (17, 18) . Influenza surveillance studies in domestic swine from 2009 through 2012 identified the cocirculation of H1N1, H1N2, and H3N2 IAVs, including 6 H1 genetic clades [H1␣, H1␤, H1␥, H1␦1, H1␦2, and A(H1N1)pdm09] and 2 H3 cluster IV antigenic clusters (H3SIV␣ and H3SIV␤) (19, 20) .
Avian-and human-origin IAVs typically preferentially bind to receptor saccharides containing terminal ␣2,3-linked sialic acid-galactose (SA2,3Gal) and ␣2,6-linked sialic acid-galactose (SA2,6Gal), respectively (21, 22) . Swine tracheal epithelium expresses both SA2,3Gal and SA2,6Gal receptors (23) , and swine are therefore proposed as the intermediate host for avian IAV adaptation and as a "mixing vessel" for generating novel viruses by reassortment between avian-origin and human-origin IAVs (24) (25) (26) . In addition to avian-origin H2N3 and H4N6 IAVs, which were identified in domestic swine in North America, avian-origin H1N1 (27, 28) , H1N2 (29) , H3N3 (30), H5N1 (31), H6N6 (32) , and H9N2 (33, 34) IAVs were also identified in domestic swine in Eurasia. Among these avian-origin IAVs, only subtypes H1N1 and H3N2 have become enzootic in domestic swine; the other avian-origin IAVs caused only low seroconversion rates and have been transient in domestic swine. Nevertheless, under laboratory conditions, avian-origin IAVs of subtypes H1 to H13 can infect and replicate in swine at various susceptibilities (26) .
Feral swine in the United States are domestic swine that escaped from commercial operations or were intentionally released, descendants of Eurasian wild boar introduced for hunting purposes, or hybrids of the two (35) . In 2013, an estimated 5 million feral swine were found in at least 35 U.S. states, with both numbers and geographic range increasing. H1N1 and H3N2 IAVs have been recovered from feral swine, and serological surveillance conducted during 2011 and 2012 showed that 9.2% of 1,983 serum samples from feral swine in 31 states were IAV seropositive (17) . Similar to domestic swine, feral swine can be infected with IAVs under laboratory conditions (36) . Feral swine have opportunities to encounter wild waterfowl by frequenting the same bodies of water, feeding in the same areas, and preying or scavenging on wild waterfowl, which can provide potential for IAV transmission from wild birds to feral swine. Because feral swine are highly mobile, they can also have opportunities to come into contact with IAVs from infected domestic swine, poultry, and even humans via contaminated fomites or aerosol dispersal (37) .
Our objective was to conduct a serological survey of feral swine for IAV exposure. Utilizing 8,239 serum samples collected from feral swine in 35 U.S. states between 2010 and 2013, we explored patterns of IAV seropositivity and further characterized seropositive samples' cross-reaction to 45 antigenically diverse prototype IAVs from avian, domestic swine, and human hosts.
RESULTS
IAV exposure in feral swine. An association was identified between fiscal years and IAV seroprevalence and months and IAV seroprevalence for individual feral swine (P ϭ 0.0002 and P Ͻ 0.0001, respectively) but not for groups (P ϭ 0.1717 and P ϭ 0.1184, respectively). An analysis of seroprevalence by month determined that during FY2010 (1 October 2009 to 30 September 2010), the highest and lowest seroprevalence rates were detected among samples collected in April (12.3% [20 of 162 swine]) and September (1.8% [1 of 57 swine]), respectively. This temporal pattern, with a relatively higher IAV seroprevalence in spring and winter, was similar to the patterns seen in FY2011 and FY2012 and to those seen in FY2013 in our previous study (17) (Fig. 2A) .
To understand variables that are associated with IAV seropositivity among feral swine, we analyzed our results by swine age group and sex. IAV seroprevalence was highest among the adult swine (5.8% [350/5,984]) and lowest among juvenile swine (1.6% [3/190] ) (Fig. 2B ). This pattern was consistent for all years; 2010 had the largest percent positives only due to having the smallest sampling of juveniles (14.29% [1/7 samples]) (see Table S2 in the supplemental material). We identified an association between swine age group and IAV seroprevalence (P Ͻ 0.0001) for both individual swine and groups. In addition, IAV seroprevalence was higher among female (5 Distinction between swine and avian IAVs. Hemagglutination inhibition (HI) assays were performed on 294 enzyme-linked immunosorbent assay (ELISA)-positive samples in the most recent three fiscal years (FY2011, FY2012, and FY2013) and tested against 45 IAVs, including HA subtypes H1 to H14 and diverse antigenic clusters of contemporary avian-, swine-, and human-origin IAVs (Table 2 ). Of note, among the tested strains, there were different extents of cross-reactivity against the reference sera against these viruses although most of these viruses are antigenically different, with Ն4-fold losses in HI activity relative to the homologous titer (Table S1) .
Of the 294 feral swine serum samples tested, 271 from 71 counties within 21 states tested positive by HI assay for at least one virus in the reference panel, and 23 samples from 17 counties within 13 states tested negative to all viruses in the reference panel.
Of the feral swine samples tested, 38.4% were positive against H1 swine IAVs (113 out of 294), and 53.7% were positive against H3 swine IAVs (158 out of 294). In total, 52 (17.7%) were positive against both H1 and H3 swine IAVs. Of the total 294 ELISApositive samples, 106 (36.1%) and 233 (79.3%) were also positive against H1 and H3 human IAVs, respectively (Fig. 3) . The serological characterization suggests that the swine-origin IAVs in H3␣ and H3␤ clusters cross-reacted with the ferret reference sera against H3 seasonal and A(H3N2)v human IAVs, and vice versa (Table S4) . Although 271 of the 294 feral swine serum samples tested HI positive against swine and human IAV, only 16 (5.4%) cross-reacted to one of the four avian IAVs included in the reference panel: 13 (4.4%) samples cross-reacted to subtype H1 virus, 1 (0.3%) cross-reacted to H3 virus, 1 (0.3%) cross-reacted to H6 virus, and 1 (0.3%) cross-reacted to H7 virus ( Table 2) . HI with reference sera showed that H1 avian IAVs cross-reacted with ferret reference sera against H1N1 human IAVs and that avian subtypes H3N2, H6N2, and H7N3 did not cross-react with the reference sera against the tested human and swine IAVs. To confirm the HI results, we performed neutralization assays, which also showed that the 16 feral swine serum samples were indeed cross-reactive against avian IAVs (Table S4) .
Distribution of avian IAV-positive feral swine sera. Sixteen feral swine serum samples from 10 counties in six U.S. states were positive for avian IAV (Fig. 3) . The states with the highest number of positive samples were Texas (5 samples), California (4 samples), and Hawaii (4 samples); the remaining samples were from Iowa, Kansas, and Ohio. The surveillance year with the highest number of avian IAV-positive samples was 2013 (7 samples), followed by 2011 (6 samples) and 2012 (3 samples). Thirteen samples were positive for avian subtype H1. Linn County, IA, was the only location with an avian H3 subtype. Colusa County, CA, was the only location with an avian H6 subtype, and Jefferson County, OK, was the only place where an avian H7 subtype was identified.
Factors associated with IAV seroprevalance in feral swine. Using manual forward variable selection to determine factors that affect the likelihood for IAV exposure in feral swine, we first tested four variables using a multivariable model: the numbers of domestic swine farms, small domestic swine farms, and poultry farms and the human population per state. We considered farms with 1,000 or fewer domestic swine to be small farms. Small farms were of interest due to lower biosecurity and increased chance for contact with feral swine. Individually, the numbers of domestic swine farms, small domestic swine farms, and poultry farms were significant (P Ͻ 0.05), but the number of small domestic swine farms had a better fit based on quasilikelihood under the independence model criterion (QIC; 2.29). The number of domestic swine farms was highly correlated with the other variables and were confounded, making each variable nonsignificant. There were more IAV-seropositive samples from states with more small domestic swine farms.
Feral swine are susceptible to H3 and H6 avian IAVs. For the feral swine that were inoculated with A/mallard/Wisconsin/A00661712/2009 (H3N2), viral shedding was detected from 1 to 6 days postinfection (dpi) from 5 of 8 pigs with viral titers of 0.625 to 2.5 log 10 50% egg infective doses (EID 50 ) (Table S5 ). The results from HI assays demonstrated that one feral swine seroconverted, with HI titers of 1:80 at 21 dpi (Table S6 ). The two treatment swine that were necropsied at 5 dpi both had viral titers of 1.333 to 3.5 log 10 EID 50 /g/ml in all tissues collected, except turbinate of one feral swine (Table S7) . Neither of the control swine had any viral titers in the tissues collected. For the four feral swine inoculated with H6N2 avian IAV, all pigs had seroconverted at 21 dpi, with titers ranging from 1:20 to 1:80 (Table S8 ). All control pigs remained seronegative against IAVs during this experiment. Clinical signs were not observed in any of the experimental feral swine. 
DISCUSSION
Feral swine are a potential reservoir for infectious pathogens of domestic swine, including IAVs, because bidirectional transmission of pathogens occurs through direct and indirect contact between feral and domestic swine, primarily through backyard farming operations with poor biosecurity (38) . A previous study suggested that IAVs circulating among feral swine are antigenically and genetically similar to those circulating among domestic swine (17) . Laboratory experiments have demonstrated that swine IAVs can infect feral swine and transmit efficiently among them (36) . In addition, feral swine may be exposed to avian IAVs through direct and indirect contact with wild birds via scavenging or preying and by using common sources of water and forage. Our study findings confirm that although feral swine may be exposed to swine or avian IAVs, exposure to swine IAVs is much more common, especially with subtypes H1 and H3. Exposure to avian IAV was rare from our findings reported here, yet there is concern that feral swine could have a mixed IAV infection and generate reassortants between swine and avian IAVs that could ultimately be transmitted to domestic swine or humans.
Our analyses focused only on those serum samples in the most recent 3 years studied (FY2011, FY2012, and FY2013), in which H3N2v emerged in domestic swine and caused outbreaks in humans (17, 39, 40) . Our prior studies have demonstrated that H3N2-␤-like viruses were predominant in feral swine in FY2012. This study suggested that even though there is no apparent temporal pattern, a relatively higher IAV seroprevalence in the summer could be due to an increased change of contact between domestic and feral swine, e.g., through an increase of pasture time for noncommercial swine. Additionally, the highest seroprevalence in adults can be explained by the larger number of opportunities for IAV exposure than for that of younger swine. Because there was no significant difference in IAV seroprevalence for sex, we can assume that there was equal opportunity for IAV exposure. Based on serological evidence, our findings suggest that IAV-positive feral swine in the United States were predominantly exposed to subtypes H1 and H3. H3N2 and H1N1 IAVs have been isolated from feral swine and are genetically close to enzootic domestic swine IAVs (17, 41) . It is unclear if there is an epidemiological link; however, this finding is consistent with a scenario in which domestic swine IAVs occasionally spill over into feral swine populations. Feral swine may be more likely to have contact with domestic swine in backyards or small farming operations that have less biosecurity than large swine operations, and it is possible that direct or indirect (i.e., through fomites) transmission occurs between feral swine and domestic swine. Another possible source of domestic-like IAVs in feral swine could be escaped infected domestic swine; however, the rate of recruitment of domestic swine into the feral swine population is not clear. Additionally, some feral swine serum samples cross-reacted with both H1 and H3 subtypes of IAVs, which suggests that these swine could have been exposed to more than one IAV and is consistent with previously reported findings (17) . These possibilities need to be investigated by isolating IAVs currently circulating in feral swine and comparing their genetics to those of nearby IAVs circulating in the domestic swine populations.
A significant portion of the tested feral swine serum samples (78.57% [231/294]) cross-reacted with human-origin IAVs, including H1N1 and H3N2 viruses. The source of feral swine exposure to human H1N1 and H3N2 viruses is unknown. In 1934, Elkeles demonstrated the susceptibility of swine to human influenza virus strains (42) . In the past 5 decades, genomic analyses have suggested at least 20 introductions of IAVs from humans to swine, the majority being human seasonal subtype H3N2 viruses (43) . Humanto-swine transmission of influenza A(H1N1)pdm09 virus was detected in domestic swine approximately 1 month after the virus was detected in humans (44) . After this "reverse zoonosis" event, A(H1N1)pdm09 virus cocirculated with endemic swine influenza virus, including triple-reassortant H3N2, human-origin H1N2 (H1␦1), and classical H1N1 (H1␥) swine influenza viruses (19) , resulting in reassortment events (45) (46) (47) (48) . Additionally, in our panel of reference sera, H3N2 seasonal viruses did not cross-react with any reference sera against any contemporary H3 swine IAVs; this is consistent with the H3 human-like viruses found in domestic swine (49) . As early as 2010, within the domestic swine population, novel HAs of H3 viruses emerged and were most genetically similar to human H3N2 strains from the 2010-2011 season; this spillover of human H3N2 into swine is currently being sustained within the domestic swine population (49) .
Recently, through evaluating dynamics of serological responses in feral swine inoculated with influenza A viruses, we optimized the sample-to-negative-control ratio (S/N) cutoff for using IDEXX AI MultiS-Screen Ab test to determine the seropositivity for serum samples from feral swine, and a cutoff of S/N Ն0.681 was determined (36) . In this study, we adapted this cutoff of S/N for all feral swine serum samples collected in this study. Because this cutoff was more stringent than the one used in another study (17) , a lower seroprevalence was obtained. For example, for those samples collected in FY2012, a seroprevalence of 6.0% was obtained in this study, compared with a seroprevalence of 9.2% reported in the prior study (17) .
The serological data present in this study could be affected by limitations of serological assays. We could have false-negative results because the avian IAVs usually induce a low serological titer that may decrease with time, resulting in serum samples below the threshold of detection. In addition, we could not test all possible antigenic variants in contemporary avian IAVs. Furthermore, for those samples that cross-react with the IAVs of both avian and swine hosts, it will be difficult to conclude that the IAV exposures were from avian or swine hosts.
In summary, feral swine were predominantly exposed to H1 and H3 swine IAVs, but 5.4% of IAV seropositive samples cross-reacted with avian IAVs. Thus, there is potential for feral swine to generate novel IAVs by hosting and reassorting IAVs from wild birds with those from domestic swine, facilitating adaptation of avian IAVs before their spillover to other hosts, including humans. Continued surveillance is warranted to monitor the distribution and genomic/antigenic diversity of IAVs in feral swine to assess their risk to human health and commercial livestock producers. (Table 1 ). Serum samples from 1 October 2011 to 30 September 2012 were previously reported at a total of 1,989, yet 143 serum samples had duplicate information and were ignored for this study. The date of collection, geographic location, age (juvenile, subadult, adult, and unknown), and sex were recorded. Antibody status was determined with the IDEXX AI MultiS-Screen Ab test (IDEXX, Westbrook, ME). Serum samples with a sample-tonegative-control ratio of Յ0.681 were determined to be IAV positive (36) . The ELISA results for a subset of feral swine samples (76 of 111) from FY2012 are reported elsewhere (17) in an assessment of the seroprevalence of subtype H3 IAV in feral swine. To ensure complete results, we included all feral swine serum samples collected for the study. Of the samples tested, 406 were identified as IAV positive; from these 406 samples, all of 294 IAV positive samples collected in the most recent 3 years (FY2011, FY2012, and FY2013) were selected for subtyping by HI assay.
MATERIALS AND METHODS
Viruses and reference sera. A total of 45 IAVs were selected to represent the following antigenic groups of contemporary IAVs: enzootic swine IAVs H1 (␣, ␤, ␥1, ␥2, ␦1, and ␦2) and H3 cluster IV (␣ and ␤), human influenza viruses [A(H1N1)pdm09, swine-origin influenza viruses A(H3N2)v, and seasonal H3N2], and avian influenza viruses H1 to H14 (Table 2) . Swine viruses were propagated in Madin-Darby canine kidney (MDCK) epithelial cells, and avian viruses were propagated in specific-pathogen-free (SPF) embryonic eggs. These viruses were used in the serological characterization. The reference swine, ferret, and chicken sera (Table S1 ) used to assess cross-reactivity among tested viruses were generated as described elsewhere (7, 20, 50) .
Hemagglutination and HI assays. Hemagglutination and hemagglutination inhibition (HI) assays were performed according to the World Health Organization Global Influenza Surveillance Network Manual for the laboratory diagnosis and virologic surveillance of influenza (51) . In brief, we treated 1 volume of feral swine serum with 3 volumes of receptor-destroying enzyme (RDE; Denka Seiken Co., Japan) overnight at 37°C and then heat inactivated the serum at 56°C for 30 min. After returning to room temperature, treated antisera were diluted with 6 volumes of 1ϫ phosphate-buffered saline (PBS; pH 7.4). To minimize nonspecific agglutination, we treated RDE-treated serum samples with 0.5% turkey red blood cells (RBCs) (52) (53) (54) and then incubated them at 4°C for 1 h, followed by centrifugation at 1,200 rpm for 10 min; we then collected the serum samples without disturbing the packed RBCs. RBC absorption was repeated until no nonspecific agglutination was associated with any serum sample. In the HI assay, 0.5% turkey RBCs were used for absorption; serum samples were determined to be positive against a specific virus if the HI titer was Ն1:40, as described previously (17, 55) .
Virus neutralization assays. RDE-treated feral swine serum was serially diluted 1:2 in a microtiter plate, 100 l of virus at 100 50% tissue culture infectious doses (TCID 50 ) was added to each well, and then the plate was incubated at 37°C for 1 h. The serum-virus mixture was then incubated with MDCK cells for 1 h in a 96-well tissue culture plate (USA Scientific, Ocala, FL), washed twice with 200 l 1ϫ PBS (pH 7.4), washed with 200 l of Opti-MEM (Thermo Fisher, Waltham, MA), and then incubated for 96 h at 37°C in 5% CO 2 . Detection of nonneutralized virus was conducted using HA assays with 0.5% turkey RBCs. Serum samples were determined to be positive against a specific virus if the neutralization titer was Ն1:40 (56) .
Feral swine experiments. All work was registered and conducted under the supervision of the USDA, NWRC Institutional Animal Care and Use Committee, using approved protocols to ensure humane handling and use. A total of 16 juvenile feral swine (body weight, 16 to 22 kg) were trapped in a rural area of Oktibbeha County, MS, transported to the research facilities, and housed as described elsewhere (36) . The captured swine were quarantined for 1 week; before the experiments, all animals tested seronegative to brucellosis, pseudorabies, and IAV by ELISA.
Eight animals were used to test susceptibility of feral swine to A/mallard/Wisconsin/A00661712/2009 (H3N2), four animals were used to test susceptibility of feral swine to A/mallard/Ohio/648/2002 (H6N2), and four additional feral swine were used as negative controls. For H3N2 virus, eight feral swine, housed in four individual pens (two per pen), were intranasally inoculated with 10 6 TCID 50 of A/mallard/ Wisconsin/A00661712/2009 (H3N2). Nasal wash samples were collected from all eight feral swine daily from 1 to 10 days postinfection (dpi) and titrated in SPF embryonic eggs, and serum was collected at 0, 7, 14, and 21 dpi to determine seroconversion. To detect pathogenesis of virus in swine, two infected and one control swine were necropsied at 5 and 7 dpi, respectively; turbinate, trachea, and lung of each feral swine were collected and virus titers in these tissues were detected in SPF eggs. For H6N2 virus, four feral swine were intranasally inoculated with 10 6 TCID 50 of influenza A/mallard/Ohio/648/2002 (H6N2) virus in a 1-ml volume. Serum was collected at 0, 5, 7, and 21 dpi to determine seroconversion. The animals used as the negative control were inoculated with sterile PBS. Swine were monitored daily for subjective signs of influenza virus infection (e.g., lethargy, nasal discharge, coughing, and dyspnea) and objective signs (e.g., body temperature) until 14 dpi.
Data analyses. To understand the risk factors (i.e., seasonality and host factors) affecting IAV seroprevalence in feral swine, chi-square tests were used to assess the differences of IAV seroprevalence between sex, age group, and month, year, and state of sample collection. We developed a multilevel multivariable logistic regression model to test potential risk factors associated with IAV seroprevalence in feral swine, focusing on the population sizes of domestic swine and poultry. The logistic regression model was developed using generalized estimation equations with binomial distribution and logit link function and accounted for clustering of pig samples on the same date and location. Variables were manually selected if they contributed significance to the likelihood ratio statistic for type 3 analysis at an alpha level of Ͻ0.05. IAV seroprevalence for sex and age group of feral swine and month, fiscal year, and state of sample collection were analyzed as individuals and feral swine groups, and best fit was assigned based on quasilikelihood under the independence model criterion (QIC). Feral swine groups were defined to eliminate confounding variables. We grouped samples if collected on the same date at the same location; in theory, swine from the same group would be exposed to the same virus. In addition, an odds ratio (OR) was estimated using the GLIMMIX procedure for generalized linear mixed models with binomial distribution and logit link function. Observations from states with fewer than 100 samples were excluded from the analysis. We obtained population data for domestic swine and poultry per state from the 2012 USDA Census of Agriculture. Small do-mestic swine farms were considered those which had less than or equal to a total of 1,000 swine. All statistical analyses were conducted in SAS 9.5 (SAS Institute Inc., Cary, NC).
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